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Introduction {#s1}
============

Despite compelling evidence for the efficacy of primary prevention,^[@EHR080C1]--[@EHR080C3]^ cardiovascular disease (CVD) remains the main cause of mortality in Europe.^[@EHR080C2],[@EHR080C4]^ One important reason could be the insufficient implementation of evidence-based CVD prevention guidelines.^[@EHR080C2]^ Some country-specific studies, mostly conducted in high-risk patients, have shown that control of CVD risk factors is sub-optimal despite widespread treatment^[@EHR080C5]--[@EHR080C12]^ but the few multinational surveys available have focused on single risk factors,^[@EHR080C13],[@EHR080C14]^ did not directly measure risk factors at the study visit,^[@EHR080C15]^ or were limited to patients with pre-existing CVD or at high or very high risk of CVD.^[@EHR080C16]--[@EHR080C19]^ Hence, there is limited comparable information on management and control of CVD risk factors in primary prevention patients over a wider range of global CVD risk across Europe. These patients, however, comprise a large fraction of all patients attended in primary care and, because of their large number, give rise to a large proportion of CVD events in the population.^[@EHR080C20]^

In order to provide a comprehensive assessment of clinical practice in the primary prevention of CVD across Europe, we studied patients with major CVD risk factors but with varying degrees of CVD risk. In these patients, we assessed the achievement of treatment goals for the main CVD risk factors. We also estimated these patients' residual risk on treatment, determined by the SCORE equation.^[@EHR080C21]--[@EHR080C23]^ The SCORE equation for estimating CVD risk is a central element in the European prevention guidelines, but it has yet not been used in any major international study.

Methods {#s2}
=======

Study design and participants {#s2a}
-----------------------------

The European Study on Cardiovascular Risk Prevention and Management in Usual Daily Practice (EURIKA)^[@EHR080C24]^ was a cross-sectional study conducted simultaneously in 12 European countries (Austria, Belgium, France, Germany, Greece, Norway, Russia, Spain, Sweden, Switzerland, Turkey, and the UK; ClinicalTrials.gov identifier, NCT00882336). These countries were selected to represent the complete spectrum of CVD risk across Europe, as well as a variety of different healthcare systems. Data collection started in May 2009 and ended in January 2010.

Participating physicians were selected to represent practitioners involved in CVD prevention in primary care centres or outpatient clinics in each country. OneKey, a large database containing information on the characteristics of practicing physicians (<http://crm.cegedim.com/solutions/data/Pages/default.aspx>) served as the sampling frame. Directories of health centres, drawn from official webs, registries, and addresses of health administrations and professional organizations in the public and private sectors, were used to make up the physicians panel or universe of doctors potentially participating in the study. A total of 399 298 physicians are included in the OneKey database for the 12 countries considered (9848 in Austria, 12 588 in Belgium, 69 173 in France, 74 963 in Germany, 11 699 in Greece, 6181 in Norway, 54 592 in Russia, 59 266 in Spain, 8740 in Sweden, 8093 in Switzerland, 39 825 in Turkey, and 44 330 in UK). A total of 226 290 were men (56.7%) and 173 008 women (43.3%). Onekey was used to select a random sample of physicians stratified by age, sex, and specialty, including family medicine and other medical specialties involved in CVD risk factor control, such as cardiology, internal medicine, and endocrinology. Physician sex and age strata were proportional to their distribution in the OneKey database. A total of 809 physicians (∼60 per country) participated in EURIKA. About 64% of them were general/primary care practitioners. The percentage of participating physicians among those invited was 7.4% in Austria, 13.8% in Belgium, 10.8% in France, 8.0% in Germany, 14.5% in Greece, 8.5% in Norway, 6.3% in Spain, 3.1% in Sweden, 3.4% in Switzerland, 22.8% in Turkey, 6.6% in the UK.

Selection criteria for patients were being 50 years of age or older, free from clinical CVD, and with at least one of the classic CVD risk factors (hypertension, dyslipidaemia, diabetes, obesity, or tobacco consumption documented in the clinical record). Physicians were given a randomisation list to select a sample of patients cited for medical visit each day during the study period. Approximately 12 300 patients were invited to participate, of whom 7641 (62%) accepted.

The study protocol was approved by the appropriate clinical research Ethics Committee in each participating country. All patients provided written informed consent.

Assessment of cardiovascular disease risk factors {#s2b}
-------------------------------------------------

Patient information was collected from clinical records, and from an *ad hoc* standardized interview, a physical exam, and a fasting blood sample. Information on smoking and physical activity was obtained from patient interviews. Hypertension, dyslipidaemia, diabetes, and obesity were considered present if their diagnosis was documented in the medical record. The prescription of specific medical advice for hypertension, dyslipidaemia, diabetes, obesity, and smoking was ascertained by questionnaire addressed to the physician.

Physical examination included height and weight measurement using calibrated scales and stadiometers, with participants wearing light clothing and without shoes.^[@EHR080C2],[@EHR080C24]^ Waist circumference (WC) was measured to the nearest 0.1 cm, at the midpoint between the lowest rib and the iliac crest with patients unclothed to the waist. Blood pressure (BP) was determined in standardized conditions, using calibrated mercury sphygmomanometers or validated automated devices, and appropriate-size cuffs.^[@EHR080C2],[@EHR080C24]^ The average of three readings was used for analyses.

A 12 h fasting blood sample was obtained on the day of physical examination or, if not possible, on the following day. Blood samples were sent to a central laboratory in Belgium for the analysis (The Bio Analytical Research Corporation, [www.barclab.com](www.barclab.com)). High-density lipoprotein cholesterol was measured by a modified enzymatic method (Roche P-Modular analyzer), total cholesterol by the CHOD-PAP method (Roche P-Modular), triglycerides by the GPO-PAP method (Roche P-Modular), and low-density lipoprotein cholesterol was calculated by the Friedewald formula. Glycosylated haemoglobin (HbA1c) was measured by ion-exchange (high-performance liquid chromatography/Menarini 8160).

In each country, a 10% random sample of all study centres underwent a site visit for data monitoring and audit to ensure data quality.

Treatment goals for cardiovascular disease risk factors {#s2c}
-------------------------------------------------------

Treatment goals were evaluated in accordance with the Fourth European guidelines based on data from the physical examination or from the blood sample drawn at the study visit.^[@EHR080C2]^ Target BP was systolic/diastolic (SBP/DBP) \<140/90 mmHg, except for patients with diabetes where it was \<130/80 mmHg. Target lipid levels were \<5 mmol/L (190 mg/dL) total cholesterol and \<3 mmol/L (115 mg/dL) LDL-cholesterol, except for patients with diabetes where the goal was \<4.5 mmol/L (175 mg/dL) total cholesterol, and \<2.5 mmol/L (100 mg/dL) LDL-cholesterol. The target HbA1c was \<6.5%, and the target fasting plasma glucose (FPG) was \<6.1 mmol/L (110 mg/dL) in all patients. The target body mass index (BMI) was \<30 kg/m^2^ and the target WC was \<102 cm in men and \<88 cm in women.

We calculated the 10 year risk of fatal CVD for each patient using the SCORE equation, based on age, sex, current smoking, total cholesterol, and SBP measured at the study visit. These values were independent of treatment. We used the equation developed for low-risk regions for patients in Belgium, France, Greece, Spain, and Switzerland, and the equation for high-risk regions for patients in Austria, Germany, Norway, Russia, Sweden, Turkey, and the UK.^[@EHR080C2],[@EHR080C4],[@EHR080C21],[@EHR080C22]^ A 10 year risk of CVD death ≥5% was regarded as high CVD risk.^[@EHR080C2],[@EHR080C25]^

Statistical analyses {#s2d}
--------------------

The main outcome was the proportion of patients achieving treatment goals. Generalized mixed linear models were used to identify clinical variables associated with attainment of treatment goals for CVD risk factors. Regression models included sex, age, smoking, hypertension, dyslipidaemia, diabetes, obesity, physical inactivity, and country (random effect variable). Also, control of CVD risk factors in each country was compared with the average across participating countries, using logistic regression models adjusted for sex and age. All variables were modelled as categorical with dummy terms. Statistical significance was set at two-tailed *P*\< 0.05. Analyses were performed with the SAS system (version 9.1, SAS Institute, Inc., Cary, NC, USA).

Results {#s3}
=======

The average (SD) age of participating patients was 63.2 (±8.9) years. Also, 48.4% of participants were men, 48.4% had a history of smoking (21.3% current smokers), 72.7% had hypertension, 57.7% had dyslipidaemia, 26.8% had type 2 diabetes, 43.6% were obese, 19.8% were physically inactive, and 50.2% did light physical activity only (activity during most weeks, not causing shortness of breath, increased heart rate and perspiration) (*Table [1](#EHR080TB1){ref-type="table"}*). About 40% of patients was at high CVD risk despite being or not being treated, with a between-country range (BCR) of 29--57.3% (*Table [1](#EHR080TB1){ref-type="table"}*). Table 1Socio-demographic and clinical characteristics of patients in the EURIKA study, by countryAUS (*n* = 624)BEL (*n* = 638)FRA (*n* = 593)GER (*n* = 678)GRE (*n* = 620)NOR (*n* = 611)RUS (*n* = 604)SPA (*n* = 642)SWE (*n* = 628)SWI (*n* = 667)TUR (*n* = 663)UK (*n* = 673)Total (*n* = 7641)Age, mean ± SD61.9 ± 8.664.6 ± 8.964.1 ± 8.865.3 ± 8.865.3 ± 8.962.9 ± 8.558.3 ± 7.363.1 ± 9.064.9 ± 8.665.2 ± 9.959.4 ± 7.665.0 ± 8.963.2 ± 8.9Men, %47.648.954.849.146.048.831.851.450.252.847.251.148.4Smoking, %50.439.843.547.951.663.040.641.751.049.946.953.748.4 Current smokers, %23.816.216.516.533.928.125.217.216.921.523.716.421.3 Former smokers, %26.623.627.031.317.734.915.424.534.028.423.237.227.1Hypertension, %71.670.273.281.066.669.780.567.882.271.266.572.772.7Dyslipidaemia, %59.068.056.759.672.654.850.567.349.859.134.560.557.7Type 2 diabetes mellitus, %23.427.124.337.828.423.215.728.326.130.731.722.726.8Obesity, %50.749.536.749.050.236.856.640.237.545.336.235.543.5Physical inactivity, %16.529.532.912.130.816.512.622.65.920.528.39.819.8Light physical activity, %54.548.338.551.543.351.154.646.550.650.552.160.150.2High cardiovascular disease risk, %43.131.229.557.127.351.529.029.157.336.933.653.840.1[^1]

Achievement of treatment goals {#s3a}
------------------------------

Among 5559 patients with hypertension, 94.2% were on antihypertensive drugs. Target BP was reached by 38.8% of treated patients (BCR: 32.1--47.5%) (*Table [2](#EHR080TB2){ref-type="table"}*). Table 2Achievement of goals among patients treated for the main cardiovascular risk factors, by countryAUSBELFRAGERGRENORRUSSPASWESWITURUKTotal, *n* (%)Hypertension, *n*4474484345494134264864355164754414895559Drug treated, %92.896.497.297.397.390.185.492.496.395.294.695.594.2Controlled (SBP \<140 mmHg and DBP \<90 mmHg), %^a^35.943.745.536.347.534.635.941.033.637.432.142.838.8Dyslipidaemia, *n*3684343364044503353054323133942294074407Drug treated, %58.775.181.265.180.275.549.881.285.974.680.382.674.4Controlled (TC \<5 mmol/L), %^a^32.954.639.933.539.145.827.632.848.045.930.470.843.3Controlled (TC \<5 mmol/L and LDL-c \<3 mmol/L), %^a^31.952.837.730.437.441.924.331.045.344.630.468.441.2Type 2 diabetes, *n*146173144256176142951821642052101532046Drug treated, %86.390.793.780.992.082.484.287.983.589.895.277.887.2Controlled (HbA1c \<6.5%), %39.748.441.540.643.841.926.233.723.441.826.027.736.7Controlled (FPG \<6.1 mmol/L), %16.719.727.427.015.435.97.513.143.116.36.013.420.0Controlled (HbA1c \<6.5% and FPG \<6.1 mmol/L), %7.96.46.711.18.015.43.73.110.98.12.51.77.2Obesity, *n*3153152173323112243422562352982402393324Treatment with lifestyle advice, %91.791.798.294.694.586.297.797.672.388.696.294.192.2Controlled (BMI \<30 kg/m^2^), %28.029.219.628.837.126.723.321.123.323.816.112.724.7Controlled (WC \<102/88 cm), %6.212.02.99.07.64.95.911.23.67.02.25.26.8Controlled (BMI \<30 kg/m^2^ and WC \<102/88 cm), %3.26.02.45.34.12.70.94.12.43.80.41.43.2[^2][^3]

Of 4407 patients with dyslipidaemia, 74.4% were treated with lipid-lowering drugs. Target total cholesterol and LDL-cholesterol levels were reached by 41.2% of treated patients (BCR: 24.3--68.4%) (*Table [2](#EHR080TB2){ref-type="table"}*). The proportion of patients attaining the total cholesterol target alone was 43.3% (BCR: 27.6--70.8%).

Among 2046 patients with type 2 diabetes, 87.2% were treated with antidiabetic drugs. The recommended HbA1c level of \<6.5% was reached by 36.7% of treated patients (BCR: 23.4--48.4%) (*Table [2](#EHR080TB2){ref-type="table"}*). In addition, 20% of treated patients achieved the target FPG of \<6.1 mmol/L (BCR: 6.0--43.1%). Only 7.2% of treated patients with diabetes achieved both their target FPG and HbA1c levels.

Of 3324 patients with a diagnosis of obesity prior to study enrolment, 92.2% were on lifestyle treatment (weight reduction advice) (*Table [2](#EHR080TB2){ref-type="table"}*). The target of BMI \<30 kg/m^2^ was reached by 24.7% of these patients (BCR: 12.7--37.1%). In addition, 6.8% of patients achieved a WC \<102 cm (men) or \<88 cm (women) (BCR: 2.2--12.0%), and only 3.2% of patients attained both BMI and WC goals (BCR: 0.4--6.0%).

Finally, the percentage of treated patients with 1, 2, or the 3 main CVD risk factors (hypertension, dyslipidaemia, diabetes) at goal was 41.3, 18.6, and 3.7%, respectively.

Remaining cardiovascular disease risk in patients achieving treatment goals {#s3b}
---------------------------------------------------------------------------

Among the 2032 hypertensive patients with BP controlled on drug treatment, 34.8% remained at high CVD risk (*Table [3](#EHR080TB3){ref-type="table"}*). Likewise, 39.2% of the 1350 controlled dyslipidaemic patients, 38% of the 655 controlled diabetic patients, and 39% of the 738 controlled obese patients also still had a high residual CVD risk, with wide between-country ranges. Table 3Remaining cardiovascular risk in patients achieving treatment goalsHypertensionDyslipidaemiaType 2 diabetesObesityHigh riskLow riskHigh riskLow riskHigh riskLow riskHigh riskLow riskAll countries Treated and controlled^a^  Number7071325529821249406288450  Percentage34.865.239.260.838.062.039.061.0Between-country range Treated and controlled^a^  Percentage20.3--45.050.0--79.719.6--57.546.2--80.419.6--59.440.6--80.424.1--59.340.7--75.9[^4][^5]

Lifestyle medical advice {#s3c}
------------------------

Almost 89% of smokers were asked about their smoking habit, but only 64% had their degree of addiction assessed, and as few as 38.8% agreed on a smoking cessation strategy (*Table [4](#EHR080TB4){ref-type="table"}*). Weight reduction was the medical advice most frequently given to obese patients. Advice on a healthy diet (low in fat and rich in vegetables and fruit) was provided to \>80% of patients, but only half of them were given written dietary advice and as few as one-quarter to one-third was referred to a dietician. Appropriate advice on physical activity (at least 30 min, with moderate or vigorous intensity, on most days of the week) was given to ∼80% of physically inactive patients. Between-country range in lifestyle medical advice was wide. Table 4Medical advice on lifestyle among patients with cardiovascular risk factorsAll countriesBetween-country range*n*%%Tobacco smoking (*n* = 3652) Ask about tobacco smoking, %321288.767.6--96.8 Assess degree of addiction, %229164.044.0--84.7 No-smoking advice, %243568.046.7--83.9 Smoking cessation strategy, %138938.822.6--71.1Hypertension (*n* = 5559) No-smoking advice, %150163.044.5--77.5 Salt reduction advice, %407074.045.2--99.0 Alcohol reduction advice, %255746.525.6--66.1 Healthy diet advice, %457582.553.3--98.5  Written dietary advice, %240552.724.0--83.9  Referred to a dietitian/nutritionist, %97121.312.7--41.8 Weight reduction advice (if BMI ≥30), %241992.573.4--98.2 Physical activity advice (if no or light PA), %85079.756.5--96.7Dyslipidaemia (*n* = 4407) No-smoking advice, %134465.854.3--83.3 Healthy diet advice, %375385.569.2--98.4  Written dietary advice, %214157.327.9--88.6  Referred to a dietitian/nutritionist, %82021.913.2--46.3 Weight reduction advice (if BMI ≥30), %188292.586.2--98.5 Physical activity advice (if no or light PA), %69480.561.0--97.0Type 2 diabetes (*n* = 2046) No-smoking advice, %58464.953.0--82.3 Healthy diet advice, %181388.976.0--100  Written dietary advice, %108360.141.2--85.3  Referred to a dietitian/nutritionist, %63234.922.8--49.1 Weight reduction advice (if BMI ≥30), %108395.286.7--98.9 Physical activity advice (if no or light PA), %37383.856.2--100Obesity (BMI ≥30) (*n* = 3324) No-smoking advice, %96965.743.4--79.7 Healthy diet advice, %297889.964.3--99.7  Written dietary advice, %171557.827.8--85.9  Referred to a dietitian/nutritionist, %87829.617.1--50.0 Weight reduction advice, %306692.272.3--98.2 Physical activity advice (if no or light PA), %70182.964.7--96.4Physical inactivity (*n* = 1489)Weight reduction advice (if BMI ≥30), %78792.976.4--100Physical activity advice, %116278.356.4--96.0[^6]

Variables associated with achievement of treatment goals {#s3d}
--------------------------------------------------------

Female patients were less likely to achieve risk factor goals in dyslipidaemia and men less likely to attain their BP goal (*Table [5](#EHR080TB5){ref-type="table"}*). Patients over 65 years were more likely to achieve control of dyslipidaemia and obesity. Control of hypertension was much lower in diabetic patients and in those with obesity. Control of diabetes was lower in dyslipidaemic patients, and control of obesity was lower in those with hypertension, diabetes, and physical inactivity. Lastly, countries in Eastern Europe showed generally lower than average attainment of treatment goals for most CVD risk factors (*Table [6](#EHR080TB6){ref-type="table"}*). Table 5Sociodemographic and clinical characteristics associated with control of treated hypertension, dyslipidaemia, type 2 diabetes, and obesityControl of hypertension (BP \<140/90 mmHg)^a^ odds ratio (95% CI)Control of dyslipidaemia (TC \<5 and LDL-c \<3 mmol/L)^a^ odds ratio (95% CI)Control of type 2 diabetes (HbA1c \<6.5%) odds ratio (95% CI)Control of obesity (BMI \<30 kg/m^2^) odds ratio (95% CI)Gender Women vs. men1.13 (1.02--1.28)0.67 (0.58--0.77)1.00 (0.83--1.20)1.09 (0.92--1.29)Age ≥65 vs. 50--64 years0.91 (0.78--1.05)1.30 (1.12--1.52)1.11 (0.90--1.37)1.88 (1.65--2.14)Cardiovascular risk factors Smoking vs. no1.02 (0.93--1.11)0.90 (0.81--1.01)0.94 (0.74--1.19)1.30 (1.12--1.52) Hypertension vs. no---1.42 (1.13--1.78)1.03 (0.86--1.22)0.56 (0.46--0.68) Dyslipidaemia vs. no1.27 (1.13--1.43)---0.80 (0.63--0.99)1.16 (1.02--1.32) Type 2 diabetes vs. no0.20 (0.16--0.25)1.03 (0.91--1.15)---0.79 (0.68--0.92) Obesity vs. no0.80 (0.72--0.91)1.12 (0.92--1.36)1.13 (0.88--1.45)--- Physical inactivity vs. no0.93 (0.76--1.14)1.00 (0.75--1.33)1.08 (0.82--1.42)0.68 (0.54--0.85)[^7][^8][^9] Table 6Control of treated hypertension, dyslipidaemia, type 2 diabetes, and obesity in each country vs. the average rate of control across the 12 participating countriesControl of hypertension (BP \<140/90 mmHg)^a^ odds ratio (95% CI)Control of dyslipidaemia (TC \<5 and LDL-c \<3 mmol/L)^a^ odds ratio (95% CI)Control of type 2 diabetes (HbA1c \<6.5%) odds ratio (95% CI)Control of obesity (BMI \<30 kg/m^2^) odds ratio (95% CI)Country AUS vs. average control0.88 (0.67--1.15)0.73 (0.51--1.04)1.16 (0.71--1.91)1.20 (0.81--1.77) BEL vs. average control1.30 (0.99--1.69)1.69 (1.22--2.34)1.66 (1.05--2.63)1.27 (0.86--1.86) FRA vs. average control1.37 (1.04--1.79)0.78 (0.56--1.10)1.25 (0.77--2.03)0.75 (0.48--1.18) GER vs. average control1.09 (0.84--1.40)0.74 (0.52--1.04)1.21 (0.78--1.87)1.25 (0.85--1.83) GRE vs. average control1.68 (1.28--2.22)0.88 (0.64--1.20)1.38 (0.87--2.19)1.82 (1.25--2.65) NOR vs. average control0.77 (0.58--1.02)1.02 (0.72--1.44)1.27 (0.77--2.10)1.12 (0.73--1.74) RUS vs. average control0.76 (0.58--0.99)0.38 (0.25--0.59)0.63 (0.34--1.15)0.94 (0.66--1.38) SPA vs. average control1.02 (0.77--1.33)0.66 (0.48--0.92)0.90 (0.56--1.44)0.83 (0.54--1.26) SWE vs. average control0.76 (0.59--0.99)1.20 (0.86--1.69)0.54 (0.32--0.91)0.94 (0.59--1.49) SWI vs. average control1.05 (0.80--1.36)1.18 (0.85--1.65)1.27 (0.81--1.99)0.96 (0.64--1.45) TUR vs. average control0.71 (0.54--0.94)0.62 (0.42--0.90)0.62 (0.39--0.99)0.59 (0.37--0.94) UK vs. average control1.03 (0.79--1.33)3.03 (2.16--4.27)0.68 (0.40--1.15)0.45 (0.27--0.74)[^10][^11][^12][^13]

Discussion {#s4}
==========

Principal findings {#s4a}
------------------

The EURIKA study is the first to attempt a large-scale comparative assessment of the status of primary CVD prevention among patients with varying degrees of CVD risk across Europe. Its main finding was that, currently in 2010, the control of CVD risk factors in primary prevention is generally poor. Less than half of hypertensive and dyslipidaemic patients attained treatment goals, and only one-third of patients with diabetes met the HbA1c goal. We also observed that the no-smoking advice was the least frequently provided professional advice, that many patients were not given written dietary counselling, and that only a small proportion of patients achieved a satisfactory BMI and WC.

Although high-risk patients are the top priority in CVD prevention,^[@EHR080C2]^ lower-global risk patients with important individual risk factors comprise a numerically important segment (60%) of the EURIKA population. These patients may benefit from both population strategies and specific interventions.^[@EHR080C26]^ Therefore, lifestyle changes should be encouraged and implemented more effectively in these patients.

There were a substantial proportion of patients at high remaining CVD risk (35--39% for the different individual risk factors) among those who achieved specific treatment goals. This is due to presence of risk factors in addition to the main one under consideration. For example, among dyslipidaemic patients with LDL at goal, BP or smoking status is frequently not at target, or HDL cholesterol may not be within satisfactory limits.^[@EHR080C23]^ Thus, despite effective statin treatment, multifactorial lifestyle and, where appropriate, pharmacological measures are clearly needed to address this appreciable level of residual risk.

Reasons for not achieving treatment goals {#s4b}
-----------------------------------------

In multivariate analyses, treated diabetes and obesity were associated with poor control of hypertension, in line with previous studies.^[@EHR080C27]^ Despite most obese patients receiving medical advice to follow a low-calorie diet and try to lose weight, many were likely not to comply, which may partly account for the low rate of obesity control. However, the EUROACTION study has shown that a nurse-led, multi-disciplinary team approach can yield significant lifestyle improvements and risk factor reductions in coronary patients and those at risk of developing CVD.^[@EHR080C28]^ In addition, treated dyslipidaemic women showed worse control, regardless of CVD risk and country. This could be due to a less rigorous approach towards women by clinicians, though earlier studies have reported conflicting results.^[@EHR080C29]^ Anyway, clinicians should make a specific point of assessing risk factors in women.

Lastly, the between-country variation in attainment of treatment targets may be due to differences in patients' clinical and socio-economic characteristics, in adherence to CVD prevention guidelines, and in healthcare systems between countries. Countries in Eastern Europe showed generally lower than average attainment of treatment goals for most CVD risk factors. Patients in Russia had a lower than average level of drug treatment for hypertension and dyslipidaemia, and this may partially explain the lower control of BP and cholesterol. Also, a higher level of diabetes and physical inactivity was observed in patients in Turkey, which may be related to the lower control of obesity. Likewise, patients in Spain had a higher proportion and lower control of dyslipidaemia than other countries, and patients in Sweden had a higher proportion and lower control of hypertension. The wide range of drug treatments used across countries suggests important differences in drug prescription policies or market penetration. Lifestyle interventions also widely varied among countries. Improvement in smoking cessation strategies, effective healthy diet advice, weight reduction advice in obese patients, and physical activity advice may substantially increase risk factors control in countries performing poorly.

Comparison with other studies {#s4c}
-----------------------------

The EUROASPIRE III primary-prevention arm determined whether the 2003 guidelines on CVD prevention were followed in high-risk patients studied in 2006.^[@EHR080C19],[@EHR080C22]^ EURIKA, which assessed the 2007 European guidelines in 2010 in patients with a wide range of CVD risk, found higher levels of hypertension and dyslipidaemia control, but lower level of diabetes control than EUROASPIRE. Nevertheless, no formal direct comparison can be made between studies due to different patient populations and protocols. In addition, EURIKA included determination of LDL cholesterol, and not only total cholesterol in contrast with other major cross-national initiatives.^[@EHR080C16]--[@EHR080C19]^ The use of total cholesterol as the only parameter for assessment of dyslipidaemia and the sole treatment target overestimates the number of patients with lipids at goal. This translates in practice into ∼1 million-treated dyslipidaemic patients who might be falsely considered to be adequately controlled in the participating countries (data not shown), and may preclude optimal treatment of patients in whom the LDL-c remains uncontrolled.

Strengths and limitations {#s4d}
-------------------------

The use of common and standardized procedures for data collection allowed for a fair comparison of results across European countries. The use of a central laboratory for blood analyses, including LDL cholesterol and HbA1c, was also an important strength of the EURIKA study in comparison with other similar research initiatives.^[@EHR080C16]--[@EHR080C19]^

A limitation of EURIKA is that the OneKey database, which is the largest available database of practicing physicians in Europe, is not statistically fully representative of all European physicians. The percentage of physicians in the various participating countries who are included on this database ranges from 10% in Russia to 50% in Spain. It is feasible that physicians participating in a study of this nature may be more aware of and more successful at achieving treatment goals than those who did not participate. Even so, it is clear that control of CVD risk factors can still be improved substantially. Also, the inclusion period was short (a few months), so that frequent users of health services might have been over-represented in the study sample. By the same token, less frequent clinic attenders and 'at risk' patients with undetected risk factors who have never attended for formal assessment are likely to be underrepresented in our cohort. However, the large number of practitioners included, the coverage of all relevant work-settings involved in CVD prevention, and the random selection of study patients suggest that EURIKA provides a comprehensive picture of the status of primary CVD prevention in clinical practice across Europe.

In addition, there is concern that the SCORE equation may overestimate risk in many Western European countries with decreasing secular trends in CVD mortality as well as in elderly patients.^[@EHR080C30]^ Conversely, the SCORE equation may underestimate risk in Russia and other Eastern European countries that are experiencing extremely high rates of CVD mortality. In particular, in Russia the calculated CVD risk was lower than expected. This was partially due to the fact that study participants in Russia had the lowest mean age and the lowest percentage of men among the EURIKA countries but also raises an important question regarding the accuracy and representativeness of the current SCORE system for CVD risk assessment in very high-risk countries. Also, risk estimation in the elderly remains a challenge, and the optimal threshold for defining high CVD risk in those ≥65 years needs further investigation.^[@EHR080C25],[@EHR080C26]^

Lastly, we were only able to assess current level of residual risk in relation to risk factor control in this cross-sectional survey of patients with CVD risk factors. Additional work would be required to address the important question of the effectiveness of risk factor control in relation to the level of global risk at the time of diagnosis or initiation of preventive treatment. However, we have calculated that among the 2443 patients with a diagnosis of hypertension or dyslipidaemia with complete information on systolic BP and total cholesterol at diagnosis time (pre-treatment levels), 41% of treated hypertensive patients (26% of high risk and 45% of low risk) were at BP goal, and 42% of treated dylipidaemic patients (41% of high risk and 42% of low risk) were at LDL goal. Also, though we do not know the time frame for risk factor treatment, the mean duration of the current medication for most CVD risk factors was 4--5 years, with rather narrow between-country range (data not shown).

Clinical implications {#s4e}
---------------------

The EURIKA study has shown that: (i) many patients with treated CVD risk factors remained inadequately controlled, (ii) a large proportion of patients achieving treatment goals for individual risk factors remained at high-residual CVD risk, and (iii) lifestyle interventions are generally not well implemented. Finally, the large differences observed in risk factors control across countries suggest additional room for improvement in countries performing poorly. We support a more comprehensive application of the recommendations of the European guidelines for CVD primary prevention to address the observed treatment gaps.
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[^1]: AUS, Austria; BEL, Belgium; FRA, France; GER, Germany; GRE, Greece; NOR, Norway; RUS, Russia; SPA, Spain; SWE, Sweden; SWI, Switzerland; TUR, Turkey; UK, United Kingdom; SD, standard deviation. Calculation of SCORE risk was based on the following data: age, sex, systolic blood pressure and total cholesterol values at the study visit, and smoking status.

[^2]: AUS, Austria; BEL, Belgium; FRA, France; GER, Germany; GRE, Greece; NOR, Norway; RUS, Russia; SPA, Spain; SWE, Sweden; SWI, Switzerland; TUR, Turkey; UK, United Kingdom; SBP, systolic blood pressure; DBP, diastolic blood pressure; TC, total cholesterol; LDL-c, low density lipoprotein cholesterol; HbA1c, glycated haemoglobin; FPG, fasting plasma glucose; BMI, body mass index; WC, waist circumference.

[^3]: ^a^If diabetes: blood pressure \<130/80 mmHg, total cholesterol \<4.5 mmol/L, and LDL cholesterol \<2.5 mmol/L.

[^4]: Calculation of SCORE risk was based on the following data: age, sex, systolic blood pressure and total cholesterol values at the study visit, and smoking status.

[^5]: ^a^Hypertension control: blood pressure \<140/90 mmHg (\<130/80 mmHg if diabetes). Dyslipidaemia control: total cholesterol \<5 mmol/L and LDL cholesterol \<3 mmol/L (if diabetes: \<4.5 and \<2.5 mmol/L, respectively). Diabetes control: HbA1c \<6.5%. Obesity control: body mass index \<30 kg/m^2^.

[^6]: BMI ≥30, body mass index ≥30 kg/m^2^. PA, physical activity. No PA, physical inactivity.

[^7]: Generalized mixed linear model adjusted for all variables in table as appropriate, and for country (random effect variable).

[^8]: CI, confidence interval; BP, blood pressure; TC, total cholesterol; LDL-c, LDL cholesterol; HbA1c, glycated haemoglobin; BMI, body mass index.

[^9]: ^a^If diabetes: blood pressure \<130/80 mmHg; or total cholesterol \<4.5 mmol/L and LDL \<2.5 mmol/L.

[^10]: Logistic regression models adjusted for sex and age.

[^11]: CI, confidence interval; BP, blood pressure; TC, total cholesterol; LDL-c, LDL cholesterol; HbA1c, glycated haemoglobin; BMI, body mass index.

[^12]: AUS, Austria; BEL, Belgium; FRA, France; GER, Germany; GRE, Greece; NOR, Norway; RUS, Russia; SPA, Spain; SWE, Sweden; SWI, Switzerland. TUR, Turkey; UK, United Kingdom.

[^13]: ^a^If diabetes: blood pressure \<130/80 mmHg; or total cholesterol \<4.5 mmol/L and LDL-c (LDL cholesterol) \<2.5 mmol/L.
